Cork processing involves a boiling step to make the cork softer, which consumes a high volume of water and generates a wastewater with a high organic content, rich in tannins. An assessment of the final wastewater characteristics and of the boiling water composition along the boiling process was performed. The parameters studied were pH, color, total organic carbon (TOC), chemical and biochemical oxygen demands (COD, BOD 5 , BOD 20 ), total suspended solids (TSS), total phenols and tannins (TP, TT). It was observed that the water solutes extraction power is significantly reduced for higher quantities of cork processed. Valid relationships between parameters were established not only envisaging wastewater characterization but also to provide an important tool for wastewater monitoring and for process control/optimization. Boiling water biodegradability presented decreasing values with the increase of cork processed and for the final wastewater its value is always lower than 0.5, indicating that these wastewaters are very difficult to treat by biological processes. The biodegradability was associated with the increase of tannin content that can rise up to 0.7 g/L. These compounds can be used by other industries when concentrated and the clarified wastewater can be reused, which is a potential asset in this wastewater treatment.
INTRODUCTION
Cork oak (Quercus suber L.) is one of the most important forest types in Mediterranean countries (mainly Portugal and Spain). World cork production is about 250-450 × 10 3 tons per year; Portugal is the leading producer with 55% of the world's production and 33% of the forest area (Beltran et al. ) .
Prior to industrial uses, cork planks are subjected to several treatment processes. First, they are sorted and then stacked and exposed to open air for about 6 months. After this period, cork planks are boiled in water for approximately 1 h, this process being repeated with other planks in the same boiling water for 2 to 4 days, depending on the cork processing plant. The boiling water can only be used for a restricted number of cork loads, in order to maintain a low concentration of organic compounds as their presence in the cork used to produce stoppers can damage the organoleptic quality of wine (Mazzoleni et al. ) . Consequently, the boiling water must be frequently replaced after 5 days of continuous process or after 2 days of rest, according to the International Code of Cork Stopper Manufacturing Practice recommendations (Confédération Européene du Liège ). This process renders the planks softer and more flexible and produces a good quality cork with low concentration of corkwood extracts. However, the process consumes a large amount of water and generates a highly polluting wastewater, rich in phenolic compounds, such as phenolic acids and tannins, sugars and salts (Minhalma & de Pinho ; Benitez et al. ) . Table 1 total phenols (TP), total tannins (TT) and total organic carbon (TOC), which we consider to be an important tool for process control/optimization in the cork industry. Wastewater monitoring and these relationships allow an easy Code of Cork Stopper Manufacturing Practice, the periodicity must be decided depending on the quantity of cork boiled in the same boiling water, and this should not be higher than 3 t/m 3 .
Final wastewater characterization
Since the cork processing plants have differences in the boiling stage of the process, namely the boiling tanks' capacity, stacks weight, number of loads processed per day and the periodicity of water discharge, there are large differences in the composition of the final wastewater generated by this industry. Usually, the plants change the boiling water stream that can be either reused in the boiling tanks or discharged into the municipal collector, posing little treatment problems, as the organic and non-biodegradable content was significantly reduced.
Relationships between parameters
The results obtained allowed the establishment of valid relationships between color, COD, BOD, TP and TT with TOC, as the last one is measured by an easy and rapid analysis method. This was done having in mind the possibility of predicting the results of the parameters with most complex/ longer experimental determinations, and therefore providing an important tool for process dimensioning and optimization and also for boiling water and final wastewater monitoring and control.
The relationships between the different physicochemical parameters and TOC are depicted in Figure 4 and the respective regression equations are presented below (Equations (1-5)).
As can be seen, in general, there is a good correlation between all the parameters and the values obtained for TOC, indicating that TOC analysis can be used in order to estimate the other parameters and assess a more complete wastewater characterization.
The major advantages of TOC over the other techniques, such as COD or BOD, are the speed of analysis, the consequent ability to analyze replicates, the precision and accuracy of the determination (2-6% of the TOC test against 10-20% of COD and BOD tests), the low cost per test and use of the least amount of sample required. These advantages make TOC determination very useful in the analysis We can also see that after 5 days, only 69% of the biodegradable organic matter was degraded, which is in the same range as that observed for urban wastewater (Metcalf & Eddy ).
Biodegradability is a crucial aspect to take into account in the planning of the wastewater treatment, therefore the ratio BOD 5 /COD and the tannin content (mg tannic acid/L)
were presented as a function of CPV (t/m 3 ) in Figure 3 (right). It was noticed that, in an initial phase, the increase of the quantity of cork boiled leads to an increase of tannin content and to a reduction of the biodegradability. These compounds can be extracted from the wastewater by, for example, membrane processes, and a tannin-enriched concentrate can be obtained. At the same time, a permeate stream, with low organic matter content, can be generated and reused in the boiling process or discharged into the municipal collectors (posing little treatment problems, as the tannin content is significantly reduced).
